Background
==========

The Seventh Report of the Joint National Committee on Prevention, Detection, Evaluation and Treatment of High Blood Pressure (JNC 7) created category called "pre-hypertension," which was defined as a systolic blood pressure (SBP) of 120-139 millimeters of mercury (mmHg) and a diastolic blood pressure (DBP) of 80-89 mmHg [@B1]. Pre-hypertension even in low range (SBP: 120-130 mmHg or DBP: 80-85 mmHg) has been confirmed to have a higher risk to developed into hypertension [@B2]. Hypertension is associated with cardiovascular disease (CVD) risk factors, incidence, and mortality [@B3]. Thus, it is of great importance to delay pre-hypertensive patients from developing hypertension. Understanding the determinants of pre-hypertension, particularly in low-income countries, is a pre-requisite for improved prevention and control.

The JNC7 report suggests that individuals in this category should be treated with dietary and lifestyle modifications [@B1] instead of medication. According to the report, lifestyle becomes one of the most important methods to maintain or lower blood pressure in pre-hypertension patients. Although some studies have confirmed that pre-hypertension is associated with certain risk factors in cross-sectional studies [@B4]-[@B7], the influence of healthy lifestyles on the outcomes of hypertension in pre-hypertensive persons has not been well studied in a cohort study. Whether and how healthy lifestyle affects the risk of hypertension occurrence in pre-hypertensive patients, particularly in young adults, remains unknown.

Our study was the first follow-up study of a young Chinese pre-hypertensive population; the category was created in 2003, and our study began in 2004. The primary objective of this study was to examine a young pre-hypertensive population and to determine whether healthy lifestyle affects the risk of developing hypertension in pre-hypertension patients in an effort to provide some potential evidence for the management of pre-hypertension.

Methods
=======

Study design and population
---------------------------

This longitudinal cohort study was performed in the Health Management Center of the Third Xiangya Hospital, Changsha, China, from December 2004 to December 2012. The study population consisted of young men and non-pregnant women from 20-45 years of age \[World Health Organization, WHO\] without any chronic disease, such as stroke, diabetes, or chronic kidney disease. We randomly selected participants from the medical record system databases. The inclusion criteria were as follows: 1) 20-45 years of age; 2) SBP, 120-139 mmHg or DBP, 80-89 mmHg; and 3) each participant had ≥ 1 medical record every year. The following individuals were excluded: 1) participants with other CVD, such as diabetes or stroke, during the follow-up study; 2) participants with diseases that could cause hypertension, such as primary hyperaldosteronism and renal artery stenosis; and 3) participants who took recreational drugs (e.g., marijuana) or other medications for potential co-morbidities.

Body mass index (BMI) was measured for each participant, and the questionnaire was administered once at the start of the study.

Outcomes
--------

We evaluated blood pressure as the main outcome: 1) the occurrence of hypertension (the diagnostic criteria of hypertension were a systolic or diastolic blood pressure ≥140 or ≥90 mmHg, respectively, according to the JNC7 hypertension diagnostic standards) or a self-report of hypertension in the participants\' medical records; and 2) non-hypertension status, including pre-hypertension and normtension.

Procedures
----------

Blood pressure was measured in the non-dominant arm to the nearest 2 mm Hg using a mercury sphygmomanometer with a cuff of the appropriate size following standard recommended procedures. Two readings each for the SBP and DBP were taken in a 5-min interval after the participants had rested in a chair for at least 5 min. The average of the two readings was used for the data analysis. If the two measurements differed by more than 5 mm Hg, then an additional reading was taken, and the average of the three readings was used for data analysis.

Height and weight were measured in meters using a scale from the G-TECH Company. Height was measured to the nearest 0.1 centimeter (cm) using a tape measure, and weight was measured to the nearest 0.1 kg using calibrated platform scales. BMI was calculated as body weight (kilogram, kg) divided by the square of height (meter, m^2^).

Sociodemographic information, medical history and lifestyle information were obtained from standard self-report questionnaires.

Healthy Lifestyle Factors Definition
------------------------------------

There were different types of lifestyle factors in the standard questionnaires. Four different lifestyle factors ascertained at study entry were considered (BMI, physical activity, alcohol use and sleep duration) based on their association with blood pressure change and overall health [@B8]-[@B11]. BMI was categorized as \<18.5, 18.5-24.9, 25-30, or \>30 kg/m^2^[@B12]. Physical activity was categorized as "Frequent (vigorous exercise at least three times per week)," "Occasional" or "Everyday." Alcohol use was classified as "None," "Occasional" or "Frequent (at least once per week for at least the previous 6 months)". Sleep duration was classified as "\<6 h/day," "6-8 h/day" or "\>8 h/day" [@B13], [@B14].

Statistical Analysis
--------------------

Descriptive statistics were summarized as the mean ± standard error for continuous variables and as the frequency and proportion for categorical variables. The follow-up time was calculated from the date of patient enrollment to the date of the last contact or death. A chi-squared test was used to assess the hypertension occurrence and the enumeration data between groups. A multivariate Cox proportional hazards model was used to identify the risk factors leading to hypertension in the pre-hypertensive population. A hazard ratio (HR) \>1 was considered a risk factor, and a HR \<1 was considered to be a protective factor. Values of P \<0.05 were considered statistically significant. All of the analyses were performed using SAS 9.3 (University of Nevada, Reno, NV, USA). A forest plot was created using Stata 12.0, and the survival curves were created with SPSS 17.0.

Results
=======

Baseline Characteristics, overall and by healthy lifestyle factors
------------------------------------------------------------------

A total of 1799 participants were interviewed, and 1009 were enrolled in this longitudinal study (Figure [1](#F1){ref-type="fig"}). The median follow-up time of the population was 4.7 years.

For the 1009 patients included in these analyses, the mean age was 35.48±0.19 years old, and 36.57% were females (396). The average SBP was 125.24±0.12 mmHg, and the average DBP was 81.85±0.28 mmHg. Young pre-hypertension was mainly caused by increased SBP. The characteristics of the study participants are presented in Tables [1](#T1){ref-type="table"} and [2](#T2){ref-type="table"}.

Compared with the participants with lower BMIs, the participants with higher BMIs were more likely to be older men with lower education levels. Compared with participants with less physical activity, participants with more physical activity were younger, married women with lower education levels. Compared with participants who did not use alcohol, participants who did use alcohol were more likely to be older, divorced or widowed men with lower education levels. Compared with participants with less sleep duration, participants who slept over 8 hours per day were more likely to have a college degree.

Univariate analysis of factors that affect hypertension occurrence
------------------------------------------------------------------

During a median follow-up time of 4.7 years, 182 participants developed hypertension, and 827 remained non-hypertensive, including 23 with normtension and 804 pre-hypertension patients. The univariate associations, presented in survival curves for BMI, physical activity, alcohol use and sleep duration related to the percentage of patients with pre-hypertension are shown in Figures [2](#F2){ref-type="fig"}-[5](#F5){ref-type="fig"}. The results indicated that higher BMI and more alcohol use were risk factors leading to the increased occurrence of hypertension over time (P\<0.05). There were no statistically significant differences between different levels of physical activity or sleep duration and hypertension occurrence (P=0.121 and P=0.398, respectively).

Multivariate analysis of factors that affect hypertension occurrence (Table [3](#T3){ref-type="table"})
-------------------------------------------------------------------------------------------------------

In a simple Cox regression analysis adjusted for follow-up time (model 1), only a BMI of \>24.9 kg/m^2^ was significantly associated with hypertension occurrence compared with a BMI of 18.5-24.9 kg/m^2^.

In model 2, age, gender and follow-up time were adjusted for their influence on each lifestyle. In addition to BMI, frequent alcohol use was associated with hypertension occurrence (model 2, HR, 1.74; 95% confidence interval (CI), 1.04-2.93).

Because educational attainment and marriage status were confounders (differing in different groups), we adjusted for these two factors as well as for age, gender and follow-up time in model 3. In the fully adjusted model (model 3), a BMI of 25-30 kg/m^2^ and a BMI \>30 kg/m^2^ were associated with an increased risk of hypertension occurrence (HR, 1.83; 95% CI, 1.19-2.84 and HR, 2.62; 95% CI, 1.01-6.80, respectively). Compared with sleep duration of \>8 h/day, 6-8 h/day-sleep was associated with a lower risk of hypertension (HR, 0.40; 95% CI, 0.18-0.86). No statistically significant association was observed between physical activity or alcohol use and hypertension. The multivariate adjusted HRs and 95% CIs of hypertension occurrence are presented in forest plots (Fig. [6](#F6){ref-type="fig"}).

Discussion
==========

Since the category of was created in 2003, there are many arguments against using the term "prehypertension" as the risk of progressing to hypertension and developing cardiovascular disease (CVD) remains controversial. In this longitudinal cohort study of young pre-hypertensive patients, adherence to the components of an unhealthy lifestyle was associated with an increased risk of progression of hypertension from a pre-hypertensive status. Totally 18.04% of the young adults developed into hypertension and interestingly 2.28% have become normotensive at the end of the study. No specific reasons could be found in the current study as the sample size was much too small to further exportation. The effect of lifestyle factors on hypertension progress in pre-hypertensive patients deserves further investigation.

This follow-up study is the longest study to date to indicate that a higher BMI and improper sleep duration are associated with increased risk for the occurrence of hypertension in young pre-hypertensive adults. Compared with a BMI of 18.5-24.9 kg/ m^2^, a BMI of 25-30 kg/ m^2^ and a BMI\>30 kg/ m^2^ were associated with an 83% and 162% increased risk of hypertension, respectively. Additionally, adherence to a sleep schedule of 6-8 h/day was associated with a 40% decreased risk of hypertension. Furthermore, alcohol use and physical activity were not significantly associated with progression to hypertension.

BMI
---

It has been recognized that excess weight or obesity is a major worldwide risk factor for hypertension, and numerous previous studies have confirmed that BMI is an index for excessive weight as well as an independent risk factor for blood pressure changes [@B15],[@B16]. We used the traditional standards for BMI because the average Chinese BMI is relatively low [@B12],[@B17]. Our findings regarding the reduced risk for hypertension among patients with BMIs of 18.5-24.9 kg/m^2^ were robust even after adjusting for age, gender and social behavior factors. Moreover, we did not observe any significant association between hypertension and a BMI \<18.5 kg/m^2^. Thus, a higher BMI could be an independent predictive factor for hypertension in the pre-hypertensive population. Weight loss should be an effective lifestyle strategy to prevent hypertension. A healthy diet could be a promising method to control BMI [@B18]. Further studies are needed to determine how diet affects blood pressure in pre-hypertensive patients.

Physical activity
-----------------

Physical exercise is another useful method for weight loss. It has also been proposed that exercise provides cardio-protection by protecting the vascular wall and that increased transient bouts of sheer stress confer a "vascular conditioning" effect [@B19]. Interestingly, our study did not obtain any positive results with respect to physical activity levels. One possible reason is the patients changed their exercise habits when they acknowledged that their BP was higher than normal. The effects of exercise training vary with different exercise modalities (endurance training or resistance exercise) and dose parameters, specifically program length, session duration, frequency, and intensity. A meta-analysis of exercise training for BP showed that only dynamic aerobic endurance training or dynamic resistance training lowered the SBP and DBP in pre-hypertensive patients, while combined training had no effect on either SBP or DBP [@B20]. Pre-hypertensive patients should choose appropriate exercise methods. Our study did not measure the exercise intensity of the population, and different intensities and modalities may lead to negative results.

Alcohol consumption
-------------------

There are various opinions regarding whether alcohol can increase blood pressure. Alcohol consumption is a risk factor for cardiovascular disease, similar to hypertension [@B21],[@B22], and most guidelines suggest discontinuing drinking. However, it is still inclusive whether drinking is associated with hypertension [@B23]. It has been suggested that modest alcohol consumption is not generally associated with an increase in blood pressure, while ingestion of larger quantities of alcohol has a dose-dependent effect on blood pressure both in hypertensive and normotensive subjects [@B24]. Our study showed that frequent alcohol use was associated with an increased risk of hypertension (74%) in the Cox regression model 2, without adjusting for age and gender; however, the association became insignificant when we adjusted for marital status and education status. The reasons for this paradoxical association are not clear, and in this study, alcohol use was self-reported and was, therefore, subject to measurement error. Nonetheless, our current findings emphasize the need for further research to evaluate the relationship between alcohol use, marital status, education level and hypertension because some studies have suggested that social factors such as education level may also affect blood pressure [@B25],[@B26].

Sleep duration
--------------

The effects of sleep duration and blood pressure on hypertension have been studied in depth over the past decade [@B27],[@B28]. Addressing sleep disorders or poor sleep habits seems to be a relevant issue when considering the risk of developing hypertension [@B29]. A meta-analysis that included 225,858 subjects and used the sleep duration categories of "short" and "long" indicated that a short sleep duration was associated with a higher risk of hypertension in the general population [@B30]. Another meta-analysis showed that long sleep duration might be associated with a risk of hypertension, particularly among subjects younger than 65 years of age [@B31]. Limited studies have investigated the effect of sleep duration on progression to hypertension among pre-hypertensive patients, particularly young adults. As for the young pre-hypertensive patients enrolled in our study, proper sleep duration is a protective factor reducing the risk of hypertension progression (40%) compared with sleeping \>8 h/day (after adjusting for the other confounders). This conclusion clearly provides a potential strategy to control and treat individuals with high blood pressure, particularly in young adults (20-45 years old).

Limitation
----------

We did not consider genetic background or smoking history in the present study. We only focused on Chinese patients, and there is still much debate about whether smoking could be a predictor for the occurrence of hypertension. The design of this work means that it is not possible to establish a causal relationship between lifestyle and risk of hypertension occurrence and self-reported lifestyle factors may have subjective errors. We measured only the quantity but not the quality of sleep, and only classification of states but not the dose of alcohol using. Although we adjusted for the multiple confounding variables, the effect of the four lifestyle factors may not have been fully controlled.

Conclusion
==========

The present study is the first longitudinal study to address lifestyle factors to reduce the risk of hypertension in young pre-hypertensive population. Proper BMI (18.5-24.9 km/m^2^) and sleep duration (6-8 h/day) were associated with a lower risk for the occurrence of hypertension in a young pre-hypertensive population.

Our findings reinforce the JNC7 recommendations for lifestyle modification and also suggest that proper BMI and sleep duration are applicable for young patients with pre-hypertension to manage their blood pressure.
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###### 

Baseline characteristics of Participants by BMI and physical activity

                           BMI           Physical Activity                                                               
  ------------------------ ------------- ------------------- ------------- ----------------- ------------- ------------- -----------------
  Age (y)                  30.05(0.89)   35.16(0.25)         36.46(0.29)   37.91(1.10)\*\*   34.35(0.87)   36.49(0.35)   34.92(0.25)\*\*
  Female sex               35(79%)       297(51.2%)          60(16.9)      4(16.0%) \*\*     24(25.81%)    117(33.82%)   255(44.74%)\*\*
  Educational attainment                                                                                                 
  \<college graduation     13(26.00%)    195(33.62%)         97(27.40%)    13(52.00%)\*      48(51.61%)    90(26.01%)    180(31.58%)\*\*
  College graduation       34(68.00%)    304(52.41%)         189(53.39%)   8(32.00%) \*      28(30.11%)    195(56.36%)   312(54.74%)\*\*
  \>college graduation     3(6.00%)      81(13.97%)          68(19.21%)    4(16.00%) \*      17(18.28%)    61(17.63%)    78(13.68%)
  Marriage status                                                                                                        
  Married                  35(70.00%)    518(91.03%)         341(96.33%)   23(92.0%) \*\*    88(94.62%)    297(85.84%)   532(93.33%)\*\*
  Unmarried                14(28.00%)    51(8.79%)           13(3.67%)     2(8%) \*\*        4(4.30%)      40(11.56%)    36(6.32%) \*\*
  Divorced or windowed     1(2.00%)      11(1.89%)           0             0 \*              1(1.08%)      9(22.83)      2(0.35%)\*\*
  BMI(kg/m^2^)             17.71(0.10)   22.20(0.07)         26.80(0.07)   31.64(0.24)\*\*   23.22(0.10)   23.83(0.18)   23.91(0.13)

Note: Values for categorical variables are presented as number (percentage); Valued for continuous variables are presented as mean SE.

\*P\<0.05; \*\*P\<0.01

BMI: body mass index

###### 

Baseline characteristics of Participants by Alcohol using and Sleep duration

                           Alcohol using   Sleep duration                                                 
  ------------------------ --------------- ---------------- ----------------- ------------- ------------- ----------------
  Age(y)                   33.96(0.34)     35.65(0.29)      37.19(0.39)\*\*   35.30(0.36)   35.96(0.51)   35.35(0.25)
  Female sex               240(72.29%)     136(28.10%)      20(10.36%) \*\*   130(41.67%)   66(37.93%)    200(38.24%)
  Educational attainment                                                                                  
  \<college graduation     111(33.43%)     134(27.69%)      73(37.82%) \*     104(33.33%)   62(35.63%)    152(29.06%)
  College graduation       178(53.62%)     265(54.75%)      92(47.47%)        163(52.24%)   78(44.83%)    294(56.21%) \*
  \>college graduation     43(12.95%)      85(17.56%)       28(14.51%)        45(14.42%)    34(19.54%)    77(14.72%)
  Marriage status                                                                                         
  Married                  299(90.06%)     441(91.12%)      177(91.71%)       280(89.74%)   160(91.95%)   477(91.2%)
  Unmarried                33(9.94%)       42(8.68%)        5(2.59%) \*\*     21(6.73%)     14(8.05%)     45(8.60%)
  Divorced or windowed     0               1(0.21%)         11(5.70%) \*\*    11(3.53%)     0             1(0.19%) \*\*
  BMI(kg/m^2^)             22.74(0.18)     24.26(0.15)      24.91(0.22)\*\*   23.56(0.20)   23.53(0.22)   24.08(0.13)\*

Note: Values for categorical variables are presented as number (percentage); Valued for continuous variables are presented as mean SE.

\*P\<0.05; \*\*P\<0.01

BMI: body mass index

###### 

Event rates and Hazard Ratios for Hypertension occurrence in 4 lifestyle-groups

                      No.Of events   Event rate   Model 1           Model 2           Model 3
  ------------------- -------------- ------------ ----------------- ----------------- -----------------
  BMI                                                                                 
  \<18.5              1              2.00%        0.17(0.02-1.25)   0.19(0.03-1.34)   0.00(0.00-3.06)
  18.5-24.9           75             12.93%       1.00(reference)                     
  25-30               96             27.12%       2.01(1.49-2.72)   1.57(1.14-2.17)   1.83(1.19-2.84)
  \>30                10             40.00%       2.86(1.48-5.54)   2.14(1.09-4.19)   2.62(1.01-6.80)
  Physical activity                                                                   
  Occasionally        92             16.14%       0.73(0.39-1.37)   0.74(0.40-1.39)   0.61(0.29-1.29)
  Frequently          75             21.67%       1.11(0.59-2.11)   0.96(0.51-1.83)   0.81(0.37-1.77)
  Everyday            15             16.12%       1.00(reference)                     
  Alcohol using                                                                       
  Never               37             11.14%       1.00(reference)                     
  Occasionally        94             19.42%       2.09(1.39-3.14)   1.53(0.97-2.38)   1.56(0.97-2.67)
  Frequently          51             26.42%       2.80(1.78-4.40)   1.74(1.04-2.93)   1.91(0.97-3.73)
  Sleep duration                                                                      
  \>8h/day            109            20.84%       1.00(reference)                     
  6-8h/day            26             14.94%       0.79(0.51-1.21)   0.74(0.48-1.14)   0.40(0.18-0.86)
  \<6h/day            47             15.06%       0.85(0.59-1.22)   0.93(0.65-1.35)   0.86(0.54-1.35)

Note:

Model 1: Cox regression for each factor and hypertension events and adjusted for follow-up time;

Model 2: Model 1 and adjusted for age and gender;

Model 3: Model 2 and adjusted for education attainment and marriage status.
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